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APPARATUS AND METHOD FOR EXPOSING A RADIATION 
SENSITIVE LAYER BY MEANS OF CHARGED PARTICLES AS 
WELL AS A MASK FOR THIS PURPOSE 



Cross-reference to related applications 

[0001] This application claims priority from Gemian Application Number 100-41- 

040.5 filed on August 22, 2000. 

Background of Invention 

Field of the Invention 

[0002] The invention relates generally to device manufacturing by means of a 
lithographic method and in particular the exposure of radiation sensitive layers 
by means of charged particles, in particular by means of a beam of electrons. 

Background Art 

[0003] The devices manufactured by means of a lithographic method are primarily 

highly miniaturized devices, such as micro-mechanical structures or integrated 
circuits (ICs), for example. As far as integrated circuits are concerned, a mask, 
also referred to as a reticle, includes a circuit pattern which corresponds to one 
single layer of the circuit to be formed on a suitable substrate, for example, a 
silicon wafer. In order to image the pattem onto a target area, also referred to as 
a die, of the substrate, the substrate is first covered with a radiation sensitive 
layer, also referred to as a resist. Subsequently, the radiation sensitive layer is 
exposed or irradiated so that the pattem of the mask is imaged onto the radiation 
sensitive layer by means of charged particles. The radiation sensitive layer is 
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then developed and either the irradiated or exposed regions or the non-irradiated 
or unexposed regions of the exposed layer are removed. The remaining structure 
of the radiation sensitive layer is then used as a mask, for example, in an etching 
step, an ion implantation step, a material deposition step or the like. 

[0004] Charged particles, for example, electrons or ions, are used for this purpose 
to enable the formation of such small structures that cannot be produced or only 
with great difficulties by means of conventional photo-optical imaging process 
due to the diffraction limitation involved therewith. 

[0005] The SCALPEL process (Scattering with Angular Limitation in Projection 
Electron-beam Lithography) is known as a process which employs a beam of 
electrons for exposing the radiation sensitive layer. This process is described in 
the article "SCALPEL: A Projection Electron-Beam Approach to Sub-Optical 
Lithography", Technology Review, December 1999, by J. A. Liddle, Lloyd R. 
Harriott, A.E. Novembre and W.K. Waskiewicz, Bell Laboratories, Lucent 
Technologies, 600 Mountain Avenue, Murray Hill, New Jersey 07974, USA. 
The disclosure of said document is incorporated herein by reference in its 
entirety. Furthermore, U.S. Patent Numbers 5,079,112; 5,130,213; 5,260,151; 
5,376,505; 5,258,246; 5,316,879; as well as European Patent Application 
Numbers 0,953,876 A2 and 0,969,326 A2 relate to the SCALPEL process. The 
disclosures of the above-mentioned patents and patent applications are 
incorporated herein by reference in their entirety. 

[0006] The SCALPEL process is described below with reference to Prior Art Fig. 

1. 

[0007] Fig. 1 schematically shows a mask 1 suitable for the exposure of a radiation 
sensitive layer on a substrate 3 by means of an electron beam. The mask 
includes supporting struts 7 to which a membrane layer 5 is attached which is 
relatively transparent for the electrons. The pattern to be imaged onto the 
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substrate 3 is formed by scattering regions 9 provided on the relatively 
transparent membrane layer. Electron beams 11 and 12 passing only through the 
membrane layer 5 and not through the scattering regions 9 pass through the mask 
1 substantially unscattered and substantially straight or at relatively small 
scattering angles, v^hereas electron beams 13 which pass through the membrane 
layer 5 and the scattering regions 9 are deflected from their original direction by 
a larger scattering angle in the scattering regions 9. The electron beams 11, 12, 
13 pass through an electromagnetic or/and electrostatic projection lens system 15 
and are deflected by the same such that the unscattered electron beams 11, 12 
pass through an aperture formed in an aperture filter 17, whereas the electrons 13 
scattered through larger scattering angles are blocked by the aperture filter 17. 
After having passed through the aperture filter 17, the electron beams 11, 12 
which have been scattered through smaller scattering angles pass through a 
further projection lens system 19 which focuses the beams 1 1, 12 for imaging the 
pattem 9 onto the substrate 3. 

The electron field impinging on the mask 1 also comprises beams 21 which 
do not pass through the spaces between the struts 7, as is the case with the above- 
described beams 11, 12, 13, but impinge on the struts 7. Due to the thickness of 
the struts 7, the beams 21 are more likely to be scattered than the beams 1 1 and 
12 which merely pass through the membrane layer 5. Therefore, the regions of 
the mask which are positioned in its projection along the electron field below the 
struts are not used to form the pattem. Accordingly, beams 21 which pass 
through the struts 7 and the membrane layer unscattered shall not pass through 
the aperture filter 17 onto the substrate 3 either. 

For this purpose, European Patent Application Number 0,969,326 A2 
proposes a spatially limited electron beam, the cross-section of which in the 
mask plane is limited such that it passes through the mask at spaces between 
adjacent struts and does not strike the struts as such. Such spatially limited beam 
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is then moved relative to the mask in the direction into which the struts extend in 
order to scan all regions of the mask used to form the pattern. In order to 
spatially define the beam cross-section, European Patent Application Number 
0,969,326 A2 proposes, for example, to use aperture filters. This enables the 
beam to form such that its cross-section corresponds exactly to the inside v^idth 
between adjacent struts, and scattering of the electrons at the struts is thus 
preventable, provided that the beam itself is positioned with sufficient accuracy 
relative to the mask and the scanning motion of the beam relative to the mask is 
likewise performed with sufficient accuracy so that the field of beams does not 
strike the struts. Moreover, the regions between the struts of the mask are 
imaged onto adjacent strips on the substrate to be exposed. Positional 
inaccuracies in scanning the mask may then result into underexposures or double 
exposures on the substrate. 

Summary of Invention 

[0010] A projection apparatus for imaging a pattem of a mask onto a substrate by 
means of a beam of projected charged particles is disclosed. The apparatus 
includes a radiation sensitive layer. The apparatus also includes a mask. The 
mask includes a membrane layer made of a first material, scattering regions 
forming the pattem and made of a second material scattering the charged 
particles more than the membrane layer, and a plurality of straightly extending 
supporting struts spaced apart fi'om one another and supporting the membrane 
layer together with the scattering regions. The apparatus also includes a 
projection apparatus. The projection apparatus includes a beam shaping device 
for producing the projection beam with a predetermined projection beam cross- 
section in the mask plane, and a positioning device for moving the projection 
beam cross-section in the mask plane along a predetermined path over the mask 
parallel to the direction into which the struts extend. The apparatus also includes 
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a sensor for supplying a measuring signal which is dependent on the number of 
charged particles impinging on a mark region provided on the mask. 

[0011] Other aspects and advantages of the invention will be apparent from the 
following description and the appended claims. 

Brief Description of Drav^^ings 

[0012] Figure 1 shows a projection apparatus according to the prior art; 

[0013] Figure 2 is a top view of one embodiment of a mask according to the 
invention which also illustrates beam guidance directions; 

[0014] Figure 3 is an enlarged view of Figure 2 to illustrate the guidance of a 

projection beam cross-section along a predetermined path; 

[0015] Figure 4 shows a projection apparatus according to another embodiment of 
the invention; 

[0016] Figure 5 shows the position of a projection beam cross-section used in the 

projection beam apparatus according to Figure 4 relative to the mark regions; 

[0017] Figure 6 shows another embodiment of the invention with an auxiliary 

positioning beam; 

[0018] Figure 7 shows another embodiment of the mask shown in Figure 4; 

[0019] Figure 8 shows another embodiment of the mask for use with the auxiliary 

positioning beam according to Figure 6; 

[0020] Figure 9 shows another embodiment of the mask for use with the auxiliary 

positioning beam according to Figure 6; 

[0021] Figure 10 shows another embodiment of the invention with auxihary 
positioning beam; 

[0022] Figure 1 1 shows an embodiment of the invention for detecting a path end; 
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[0023] Figure 12 shows a variant of the embodiment shown in Figure 11 for 
detecting the path end; 

[0024] Figure 13 shows a variant of the embodiment shown in Figure 5; and 

[0025] Figure 14 shows a further variant of the mask shown in Figure 4. 

Detailed Description 

[0026] In a first embodiment of the invention, there is provided a mask including a 
membrane layer made of a first material, scattering regions forming the pattern 
and made of a second material scattering the charged particles stronger than the 
membrane layer and a plurality of straightly extending supporting struts spaced 
apart fi-om one another and supporting the membrane layer together with the 
scattering regions. 

[0027] In another embodiment, the invention proceeds from a projection apparatus 

for imaging the pattem of the mask onto a substrate comprising a radiation 
sensitive layer by means of a beam of charged particles, said projection apparatus 
including a beam shaping means for producing the projection beam with a 
predetermined projection beam cross-section in the mask plane as well as a 
positioning device for moving the projection beam cross-section in the mask 
plane over the mask along a predetermined path parallel to a direction into which 
the struts extend. 

[0028] One possible explanation for the invention is based on the idea to provide 

specific mark regions on the mask that are formed by a material which differs 
from the material of the membrane layer and the pattern-forming material in 
respect of its interaction with the charged particles. Said different interaction 
with the charged particles which is characteristic of the mark material is 
detectable by a suitable sensor so that the sensor provides a measuring signal that 
is dependent on the number of charged particles which impinge on the mark 
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region. If the mark regions are provided at suitable locations on the mask, the 
measuring signal can be used to determine the position of the projection beam 
cross-section in the mask plane and to provide a "guidance" for the movement of 
the projection beam cross-section relative to the mask. 

[0029] The interaction which is characteristic of the mark material and which 
distinguishes said material from the material of the membrane layer and the 
material of the scattering regions may reside in another or different scattering 
effect, reflection effect or absorption effect for the charged particles, or the 
distinguishing interaction may also reside in another or different emission effect 
Q for secondary particles, such as X-ray emission or Auger electron emission. 

% What is essential is merely that this distinguishing interaction is detectable by a 

^ suitable measuring method so that any suitable and detectable physical effect 
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fU comes into consideration for this purpose. In one embodiment, this characteristic 

cn 

fy interaction is detectable by means of an Auger electron detector, a backscattering 

fg electron detector, an X-ray detector or a fluorescence radiation detector. Such a 

detector may be positioned on the side of the mask facing towards the beam 
shaping means, but also on the side of the mask facing away from the beam 
shaping means. 

[0030] In another embodiment, the mark region is formed by a layer of mark 

material which is applied on the end face of the strut facing away from the 
membrane layer. Such a configuration is particularly advantageous if the struts 
are provided on the side of the mask facing towards the beam shaping means. 

[0031] In another embodiment, there is disclosed a configuration in which the 

struts are formed of a substrate by means of an etching process, with a mask 
representing the geometry of the struts having been applied on the substrate 
before the etching step. If a suitable mask material is selected, the latter may 
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remain on the struts after the struts have been etched out to still serve as mark 
material. 

[0032] Alternatively, the mark region may also be formed by a mark layer 

positioned between the membrane layer and the strut. In another embodiment, 
the struts are formed by means of an etching process wherein an etch stop layer 
is positioned between the membrane layer and the material from which the stmts 
are to be etched away. After the etching step this etch stop layer is removed 
from the space between the struts in order for the struts to be formed, but remains 
between the stmts and the membrane layer. If a suitable material is selected for 
the etch stop layer, those regions of the etch stop layer which remain between the 
struts and the membrane layer may then be subsequently used as mark regions. 

[0033] Alternatively, the mark regions may, however, also be formed on the side 
of the membrane layer facing away from the struts. This configuration may be 
suitable if the stmts themselves are provided on the side of the mask facing away 
from the beam shaping means. 

[0034] One way to enable the beam guidance is obtained if the strut itself forms 
the mark region. 

[0035] According to a first fiirther aspect of the invention, the positioning device is 

responsive to the measuring signal in order to reduce deviations from the 
predetermined path. It is then possible to guide the projection beam cross- 
section over the mask such that no or only few charged particles of the projection 
beam undesirably impinge on the stmts, if possible. 

[0036] In another embodiment, the projection beam cross-section has a width in 
the direction transverse to the direction into which the stmts extend which 
corresponds substantially to the inside width between adjacent stmts. If, in this 
case, the mark region is positioned such that, viewed in beam direction, the mark 
region coincides with the stmts, the sensor will detect substantially no interaction 
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of the charged particles with the mark region if the projection beam cross-section 
is positioned on the predetermined path relative to the mask. As soon as the 
beam deviates from its predetermined path, the projection beam cross-section 
will contact the mark region and produce the interaction with the mark material 
which is characteristic thereto and which is detectable by the sensor. The 
positioning device is then able to correct the path of the beam correspondingly in 
order for the latter to resume its predetermined path. 

[0037] In another embodiment, two different kinds of mark regions are provided 
which are formed of different mark materials which interact with the charged 
particles in a manner which is distinguishable by the sensor. If the one kind of 
mark region is formed on a strut, viewed in projection in beam direction, and the 
other kind of mark region is formed on the strut adjacent thereto, viewed in 
projection, it can be distinguished, when a beam moves between said two struts, 
whether the path of the beam deviates from the predetermined path in the 
direction to the one strut or in the direction to the other strut, so that the 
positioning device is better able to perform a corresponding correction. 

[0038] In another embodiment, the beam shaping means produces, besides the 

projection beam, at least one auxiliary positioning beam which is provided to 
interact with the mark region. If the projection beam cross-section is accurately 
positioned between adjacent struts, the auxiliary beam cross-section is then 
positioned relative to the projection beam cross-section such that it impinges on a 
strut. The mark region is then positioned, viewed in projection in beam 
direction, on the struts so that, with correctly positioned projection beam, the 
interaction with the mark material does not occur through the projection beam 
itself but through the auxiliary beam. The position of the projection beam can 
thus be detected even if it does not deviate from its predetermined path. On the 
other hand, the auxiliary beam impinges on a region of the mask that is not used 
for imaging the pattern onto the substrate. The charged particles of the auxiliary 
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beam are scattered from this area by the strut or/and the mark region provided in 
the projection thereof and, therefore, do substantially not contribute either or 
only little to the exposure of the radiation sensitive layer, 

[0039] The auxiliary positioning beam may be configured such that, viewed in a 
direction transverse to the direction into which the predetermined path extends, it 
continuously tapers. As a result, an increasing portion of the auxiliary 
positioning beam impinges on the mark region as the deviation of the path of the 
projection beam cross-section from its predetermined path increases so that the 
strength of the measuring signal increases or decreases with increasing deviation 
of the path from the predetermined path. As a result, the measuring signal is 
particularly well suited for the correction of the path by means of the positioning 
device. 

[0040] In another embodiment, the beam shaping means produces two auxiliary 

positioning beams, whose distance in the mask plane is such that, with accurately 
positioned projection beam, the two auxiliary beams impinge each on different 
struts, but not on the area between the struts. 

[0041] In this respect, it may be useful for the mark region, viewed in beam 
direction, to be positioned within the projected area of the strut and at a 
predetermined distance from the edges thereof. The actual position of the 
projection beam can then be detected particularly precisely, especially in 
conjunction with the tapering auxiliary beam cross-section. 

[0042] Altematively, it is also possible for the mark region to be positioned 

between adjacent struts and close to one of the two adjacent struts. However, the 
mark region should then only insignificantly reduce the number of charged 
particles passing unscattered through the mask. Together with a projection beam 
cross-section which tapers in an area close to the struts towards the struts, a 
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detection of the position of the projection beam is also possible with the mark 
region that is positioned between the struts. 

[0043] In another embodiment, a masking region is provided which, viewed in 
projection parallel to the particle beam, overlaps at least partially with the mark 
region. It is the purpose of the masking region to scatter charged particles which 
have been slightly scattered by the mark region to such an extent that they are not 
imaged onto the radiation sensitive layer. Accordingly, charged particles which 
are not scattered or scattered only through a small scatter angle by the interaction 
with the mark region are scattered as a result of the interaction with the masking 
region through such a large scatter angle that they are not imaged onto the layer 
to be exposed in such a way as it is the case with the charged particles which 
merely pass through the membrane layer. To this end, the masking region is 

w 

J preferably formed of a material which scatters the charged particles stronger than 

ru 

Ifi the membrane layer or/and the mark material or/and the supportmg strut. 

[0044] In another embodiment, the material of the masking region comprises the 

material of the scattering region. In particular, the masking region and the 
scattering regions can be formed in a common fabrication step of the mask. 

[0045] One of embodiment of the structure of the mask 31 according to the 

invention is apparent from Figures 2 and 4, Figure 2 showing a top view of the 
mask and Figure 4 showing a cross-section of the mask 3 1 along line IV-IV of 
Figure 2. 

[0046] As seen in Figure 2, the mask 31 comprises a planar uniform and 

rectangular structure of longitudinal struts 33 as well as struts 35 extending 
transversely thereto. The struts 33 are spaced apart from one another by a 
uniform distance a of, for example, 1.1 mm to 1.5 mm. The struts 35 are spaced 
from one another by a distance b which is larger than the distance a at which the 
struts 33 are spaced apart from one another. 
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[0047] As seen in Figure 4, the structure of struts 33, 35 supports a membrane 
layer 37 which scatters electrons relatively little. The pattem of the mask 31 is 
formed by scattering regions 39 positioned between the struts 33, 35 on the 
membrane layer 37. 

[0048] As can be seen in Figure 4, an electron beam 41 generated by an electron 
beam source (not shown) and having an energy of, for example, 100 keV is 
directed onto the mask 31, the cross-section of said beam 43 (see Figure 3) being 
determined in the level of the mask 31 by a beam shaping means 45. The beam 
shaping means 45 may, for example, be constituted by an aperture filter. As is 
evident from Figure 3, the projection beam cross-section 43 has the shape of a 
polygon and comprises a central rectangular area 46 and two adjacent triangular 
areas 47 at opposite sides of the rectangle 46. 

W 

[0049] A positioning device moves the beam cross-section 43 between adjacent 
p struts 33 in a direction A (Figure 2) straightly along predetermined paths 49. 

« Such a predetermined path 49 starts at a point 51 and terminates at a point 53 

Cg such that the projection beam cross-section 43 passes over the entire area 

ru 

between adjacent struts 33. As soon as the projection beam cross-section has 
"7 reached point 53, the projection beam is switched off by the electron beam 

source and the projection beam cross-section jumps over a strut 33 in a direction 
B which extends into a direction transverse to the direction into which the struts 
33 extend. It then reaches a new starting point 51 between the next adjacent pair 
of struts 33 and is then again uniformly moved to a further end point 53. In this 
way, by and by all areas of the membrane layer 37 between the struts 33, 35 are 
scanned by the beam cross-section 43. 

[0050] The positioning device comprises an electron-optical apparatus which 
causes the beam to be deflected in direction A, as well as a drive 55 which 
uniformly moves the mask relative to the electron-optical system in direction B. 
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Moreover, the positioning device comprises a further electron-optical component 
57 which likewise deflects the projection beam 41 in direction B such that the 
projection beam cross-section 43 moves along the predetermined paths 49 
between the struts 33 and relative to the electron-optical system during the 
continuous movement of the mask 3 1 controlled by the motor 55. 

[0051] Further details regarding the configuration of the projection beam cross- 
section and the mask 31 as well as the structure of the struts 33, 35 thereof are 
evident from the above-mentioned article by Liddle et al. The positioning device 
further comprises a control means 58 which includes a deflection signal 
generator 59 for driving the electron-optical component 57 to deflect the 
projection beam 41 in the directions A and B. 

[0052] In the present embodiment the tips of both triangular areas 47 of the 
projection beam cross-section 43 are spaced apart from one another in the mask 
plane by a distance which corresponds to the inside width d between the struts 33 
which are spaced apart from one another by the distance a. If the projection 
beam cross-section is accurately positioned on the predetermined path 49 (see 
Figure 5) with a beam center O, no electrons of the projection beam 41 impinge 
on the struts 33, as is illustrated in Figure 4 by the beam 41 in continuous line 
and in Figure 5 by the upper beam cross-section. If the projection beam cross- 
section deviates from its predetermined path 49 by a distance y, the electrons of 
one of the triangular areas 47 impinge on a strut 33, as it is shown in Figure 4 by 
a beam 41* represented by a dashed line and in Figure 5 by the lower beam cross- 
section with beam center D. 

[0053] In order for this deviation from the predetermined path 49 to be detected, a 
mark layer 61 is formed on the end faces of each of the struts 33 facing away 
from the membrane layer 37. This mark layer 61 is formed of a material which 
differs from the materials used for the membrane layer 37, the scattering regions 
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39 and the struts 33 and produces a characteristic X-ray radiation 63 upon 
interaction with the electrons of the projection beam. This X-ray radiation 63 is 
detected by an X-ray detector 65. The output of the X-ray detector 65 is 
connected to an energy analyzer 67 provided in the control means 58 to filter the 
output signal of the detector 65 in order for the characteristic X-ray radiation 63 
to be discriminated from other radiation components that might be detected by 
the detector 65. The signal supplied by the energy analyzer may be substantially 
proportional to the number of the electrons of the projection beam 41 impinging 
on the struts 33 or the mark regions 61 and thus also may be approximately 
proportional to the area of overlap between the beam cross-section 43 and the 
mark region 61 designated in Fig. 5 by reference number 70. This signal is 
supplied to the deflection generator 59 as measuring signal 69. The deflection 
signal generator evaluates the measuring signal 69 and drives the electron-optical 
component 57 such that the signal 69 is minimized in order for the projection 
beam cross-section 43 to be positioned on the predetermined path 49. 

[0054] The mask 31 may be fabricated by means of an etching process as it is 

described in European Patent Application 0,953,876 A2 for a conventional mask. 
A substrate made of the material of the struts 33, 35 is coated on one side with 
the material of the membrane layer 37 and on the other side with a mask 
material. The mask material is formed as a grid which corresponds to the 
geometry of the struts 33, 35. The substrate material in the grid spaces is 
removed in an etching step such that the substrate material that remains below 
the grid mask forms the struts 33, 35. If a suitable material is selected for the 
grid mask, it may remain on the stmts to form the scattering regions 61. 
However, the material of the grid mask may also be removed and the struts 33 
are then coated on their end faces facing away from the membrane layer 33 with 
the mark regions 61. 
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[0055] The following materials may, for example, be employed to forai the mask 
31: silicon for the struts 33, 35; silicon, silicon nitride, silicon carbide and 
diamond for the membrane layer 37; titanium, chromium, aluminium and 
tungsten as well as the oxides and alloys thereof for the scattering regions 39. As 
material for the mark regions 61 iridium, platinum, gold and lead and the oxides 
thereof may be used as heavy elements, which materials are distinguishable in 
particular in respect of their X-ray spectrum from the materials used for the 
scattering regions 39, and germanium and compositions thereof may be used as 
medium heavy elements. In another embodiment, light materials may be used 
for the mark regions 61, because typically they do not scatter electrons as 
strongly. In this respect, those elements which are compatible with the 
fabrication of the product for which the exposure with the charged particles is 
employed may be used. In silicon-based semiconductor fabrication, germanium 
may be used as a material for the mark regions 61. In another embodiment, 
materials are used for the mark regions 61 which are caused to scintillate by the 
irradiation with charged particles. Such materials are known, for example, for 
the coating of viewing screens of transmission electron microscopes, such as 
phosphorous, for example. Further materials which may be used for the mark 
regions are likewise aluminium, titanium, vanadium and germanium which may 
be advantageous in respect of a detector identification through Auger electrons. 
Other materials and material combinations are of course also conceivable for the 
fabrication of the mask components. 

[0056] Variants of the above-described embodiments of the invention are 

described below in further detail. For the purpose of distinction, components 
which correspond to one another in structure and function are designated by the 
reference numbers used in Figures 2, 3, 4 and 5, however, they are each 
supplemented by an additional letter. For the purpose of explanation, reference 
is made in each case to the above description in its entirety. 
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Figure 7 shows a variant of the mask shown in Figure 4. The mask 31a 
shown in Figure 7 differs from the mask shown in Figure 4 in that mark regions 
61a are positioned between struts 33a and a membrane layer 37a. The mask 31a 
can be fabricated by modifying the manufacturing process described above for 
the mask of Figure 4. Prior to the application of the membrane layer onto the 
substrate of strut material, the process may involve the application of an etch stop 
layer on said substrate. This serves to prevent the membrane layer from being 
damaged by the etching process which is employed to etch the struts 33a out of 
the substrate. After the struts 33a have been etched out, the etch stop layer is 
removed in a separate step so that the membrane layer 37a lies uncovered 
between the struts 33a. Below the struts 33a and the membrane layer 37a, 
however, the material of the etch stop layer is protected by the struts 33a and thus 
remains intact. If the etch stop layer material is appropriately selected, this 
remaining material can serve as material for the mark regions, provided that it 
differs from the materials of the membrane layer 37a, the struts 33a and the 
scattering regions 39a in respect of its interaction with the electrons. 

The embodiment of the invention shown in Figure 6 again comprises a 
projection beam cross-section 43b formed of a rectangular central portion 46b 
and two triangular portions 47b positioned on opposite sides of the central 
portion 46b. The distance of the tips of the triangular portions 47b is again 
selected such that it corresponds to the inside width between adjacent struts 33b. 
With the upper projection beam cross-section 43b shown in Figure 6 which has 
its beam center at point O on the predetermined path 49b thus no electrons of the 
projection beam cross-section 43b impinge on the struts 33b. 

The electron beam of Figure 6, however, comprises two auxiliary 
positioning beams 75, one being positioned on each side of the projection beam 
43b and outside thereof The auxiliary positioning beams 75 can, for example, 
be formed together with the projection beam 43b by the aperture filter 45 which 
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is schematically shown in Figure 4. Theses auxiliary beams 75 interact with mark 
regions 61b which are each positioned centrally on the struts 33b and have a 
width e of, for example, 200 ^im which is smaller than the width c of the struts 
33. If the beam center of the projection beam cross-section 43b is positioned at 
point O on the predetermined path, the auxiliary beams 75 impinge on the area of 
the end faces of the struts 33b which are not covered by the mark region 61b. 

However, if the projection beam cross-section deviates from the 
predetermined path by a distance Ay, as is shown in Fig. 6 for the lower 
projection beam cross-section 43b with beam center D, the right auxiliary beam 
75 of Figure 6 impinges on the mark region 61b. This causes the electrons of the 
auxiliary beam 75 to interact with the material of the mark region 61b, which 
interaction is detectable by a sensor shown in Figure 4 to correct the position of 
the projection beam cross-section by means of an electron-optical system. This 
correction is effected in such a manner that the measuring signal of the sensor is 
minimized, i.e., such that no electrons of the auxiliary beams 75 strike the mark 
regions 61b. 

A mask 31b which may be used for the embodiment of Figure 6 is shown in 
Figure 8 in cross-section. The mask 31b of Figure 8 is similar to that shown in 
Figure 4, except one difference is that the mark regions 61b do not cover the 
entire end face of the struts 33b. The mask 31b can be fabricated in a process 
which is similar to the manufacturing process of the mask of Figure 4, except 
that the material used to form the mark region 61b is removed, for example, in a 
further etching step such that the mark regions 61b remain with their width e. 

Figure 9 shows a further embodiment of a mask 31c, with mark regions 
61c, having a width e which is smaller than a width c of the struts 33c. This 
mask can likewise be fabricated in a process which is employed to produce the 
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masks shown in Figure 4, except that the mark regions 61c are deposited on the 
membrane layer 37c in an additional step. 

[0063] Figure 10 shows a variant of the embodiment shown in Figure 6. Here, a 
projection beam cross section 43d is configured such that tips of triangles 47d do 
not contact the struts 33d of the mask if the beam center O is accurately 
positioned on a predetermined path 49d. Also, mark regions 61 d are provided 
which, viewed in projection in beam direction, cover with their width e only a 
part of the width c of the struts 33 d. 

[0064] An auxiliary positioning beam is positioned with its auxiliary beam cross- 
section 75d in the mask plane relative to the projection beam cross-section 43d 
such that, when the projection beam cross-section 43d is accurately positioned, a 
portion of the auxiliary beam 75d impinges on the mark region 6 Id. This causes 
electrons of the auxiliary beam 75d to interact with the material of the mark 
region 6 Id, which interaction is detected by the sensor and is supplied to the 
deviation signal generator as reference measuring signal via the energy analyzer. 

[0065] The auxiliary beam cross-section 75d is of triangular shape such that its 

cross-section 75d tapers in a direction transversely to the direction into which the 
struts 33d extend. Accordingly, if the projection beam center deviates from point 
O, the area with which the auxiliary beam 75d impinges on the mark region 6 Id 
changes, as is illustrated by the enlarged view integrated in Figure 10: the 
number of interactions is proportional to the area with which the auxiliary beam 
cross-section 75d overlaps with the mark region 61b, said area F being F = s^ x 
tan a, wherein the aperture angle of the triangular shape of the auxiliary beam 
75d being 2 a. 

[0066] The deviation generator evaluates the resulting measuring signal and drives 

the electron-optical component (reference number 57 in Figure 4) such that the 
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measuring signal is held at a predetermined value in order to position the 
projection beam cross-section 73d on the predetermined path 49d. 

[0067] Figure 1 1 shows another embodiment of the invention. It is similar to the 

embodiment shown in Figure 10, except that one is difference is that a mark 
region 61e is used together with an auxiliary positioning beam 75e not just to 
position the beam center O of the projection beam cross-section 43 e on a 
predetermined path 49e. The auxiliary beam 75e and the mark region 61e are 
also used to determine the arrival at the end point 53e (see Figure 3) when the 
projection beam 43e moves along the predetermined path 49e. 

[0068] The end point 53e is positioned at a distance g from a transverse strut 35e 
which corresponds to the distance of the beam center O from a front side 77 of 
the projection beam cross-section 43e. 

[0069] The mark region 61 e extends along the strut 33e in a direction towards the 
transverse strut 35e, but ends at a distance in front of the strut 35e which likewise 
corresponds to the distance g such that, when the projection beam center O is 
positioned on the end point 53c, there is no overlap between the auxiliary beam 
75e and the mark region 61e. Accordingly, the number of interactions between 
the electrons of the auxiliary beam 75e and the mark region 61e is reduced to 
zero, which is detectable by the sensor and, among other possible uses, can be 
used as a signal to switch off the projection beam at an end point 53e of its 
predetermined path 49e. 

[0070] Another embodiment of the invention, similar to that of Figure 1 1, is shown 

in Figure 12. 

[0071] In addition to a projection beam 43f, there are provided two auxiliary 
positioning beams 75f, one being provided on each side of the projection beam 
43f. While the projection beam 43f moves on the predetermined path 49f, the 
auxiliary positioning beams 75f move on mark strips 61f in order to position the 
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beam center O on the predetermined path 49f through the interaction of the 
electrons of the auxiliary beam 75f with the mark regions 6 If, as described 
above. 

[0072] End marks 79 are provided on each end of the struts 33f adjacent to 

transverse struts 35f such that the auxiliary beams 75 f impinge on said end marks 
as soon as the beam center O approaches the end point 53f. The end marks 79 
are formed of a material, whose interaction with the electron beam differs from 
the interaction with the materials used to form the struts 33f, 35f, the membrane 
layer, the scattering regions and the mark layer 6 If. However, this interaction is 
also detectable by the sensor or by a separate sensor (not shown) provided for 
this purpose, so that the reaching of the end position 53 f can be detected in a 
similar way as in the embodiment illustrated in Figure 1 1 . 

[0073] Figure 13 shows a variant of the embodiment shown in Figure 5. Unlike 
the embodiment of Figure 5, in the present embodiment a mark region 61g is not 
provided in projection on a strut 33g, but in the area between adjacent struts 33g 
such that a projection beam cross-section 43g which has its beam center O 
accurately positioned on a predetermined path 49g overlaps with the mark strip 
61g with its portion tapering transversely to the direction into which the path 49g 
extends, i.e., with its triangular portion 47g. The area of overlap is dependent on 
a deviation Ay of the beam center O from the predetermined path 49g and 
increases, as is shown in Figure 13 by the lower beam cross-section with beam 
center D, if it deviates to the right from the predetermined path. As the area of 
overlap changes, the number of interactions between the electrons of the beam 
with the material of the mark region 61g changes, which is detected by the sensor 
and used for the correction of the path of the beam cross-section. 

[0074] As in this embodiment the mark region is provided between the struts, i.e., 
in a region which is used to form the pattern of the mask through scattering 
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regions (reference number 39 in Figure 4), care must be taken that the scattering 
of the electrons by the material of the mark regions 61g is so little that the 
imaging of the pattem onto the substrate is as far as possible not interfered with. 
However, there are still enough interactions which are detectable by the sensor in 
order to perform the correction of the beam guidance, as described above. 

[0075] As a fiirther embodiment of the invention, it is possible to use different 
materials for the two mark regions 61 shown in Figure 5 which differ in respect 
of their interaction with the electron beams. As a result, it can be determined by 
a suitable sensor or a pair of sensors whether the beam center of the projection 
beam 43 deviates to the right or to the left from its predetermined path 49. Such 
a mask can be prepared in that the two materials are altemately used for the 
struts, i.e., every second stmt is formed from the same material. 

[0076] Another embodiment of the mask shown in Figure 4 can be fabricated in 
that the mark material is added to the material used for the stmts, for example, by 
doping or implanting. In this way, the struts themselves form the mark regions. 

[0077] Figure 14 shows another embodiment of the masks schematically shown in 
Figures 4, 7, 8 and 9. The mask 31h shown in Figure 14 differs from the masks 
shown in the preceding Figures, one difference is that a mark region 61h, viewed 
in projection in beam direction, does not overlap with a strut 33h but is 
positioned beside the same on a membrane layer 37h. 

[0078] For this purpose, the region between adjacent mark regions 61h may be 
used as a region which is imaged by the charged particles onto the layer to be 
exposed, i.e., a region whose inside width corresponds to or is less than the inside 
width between the mark regions 61h shown in Figure 14. 

[0079] This mask can be employed together with the projection beam cross- 
sections as they have been described above. In another embodiment, an 
adjustment between the mark regions 61h and the projection beam cross-section 
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can be applied as it has been described in connection with Figure 5. There, the 
projection beam cross-section has a width which corresponds to the inside width 
between the mark regions 61h. The beam is then guided such that the detector 65 
of Figure 4 detects a detection signal of substantially zero when the projection 
beam cross-section is positioned in its reference position with respect to the 
mask. 

[0080] The adjustment between the projection beam cross-section and the mask of 
Figure 14, however, can also be achieved in the way as described in respect of 
Figure 6, where the projection beam cross-section comprises laterally positioned 
auxiliary beams, which serve to produce the signal for the detector 65, the beam 
then may be guided such that the measuring signal produced by the detector 65 is 
maintained constant at a predetermined value. 

[0081] In another embodiment, the adjustment may also be such as it has been 

described in respect of Figure 13, the projection beam cross-section impinging 
with its laterally tapered portions on the mark regions 61h and the beam being 
again guided such that the detection signal of the detector 65 is maintained 
constant at a predetermined value. 

[0082] In another embodiment, different materials are used in each case for 

adjacent mark regions 61h of Figure 14 in order to be able to detect a deviation 
of the beam guidance in the one and the other direction by means of detectors. 

[0083] In another embodiment, the mask 31h of Figure 14 may also comprise 

masking regions 81 which, viewed in projection parallel to the particle beam, 
overlap with the mark regions 61h. The masking areas 81, viewed in projection 
parallel to the particle beam, extend even beyond the mark regions 61h and also 
overlap with the struts 33h. The masking regions 81 may also serve to scatter 
charged particles which have not or only slightly been scattered by the mark 
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regions 61h or the struts 33h to such an extent that they are not imaged onto the 
layer to be exposed, as has been described in respect of beam 13 in Figure 1. 

[0084] To this end, the same material may be used for the masking layer 81 as for 

the scattering regions 39h on the membrane 37h. 

[0085] In another embodiment, the masking regions 81 and the scattering regions 
39h can be formed in a common fabrication step, as has already been explained 
in respect of the scattering regions of the above-described embodiment. 

[0086] In the masks described above in particular in connection with Figures 4, 7, 

8, 9 and 14, the struts are each provided, relative to the membrane layer, on the 
side disposed towards the beam shaping direction. However, it is also possible to 
provide the struts, relative to the membrane layer, on the opposite side, i.e., on 
the side disposed away from the beam shaping direction. 

[0087] Moreover, it is possible to provide the mark regions on the side disposed 

towards the beam shaping direction of the supporting strut or on the membrane 
layer itself. In this case, the mark layer is again positioned between the 
membrane layer and the supporting strut, as it has been described in particular in 
connection with Figure 7, or the mark layer^is^positionedo^ membrane layer 
on the side opposed to the supporting strut, as it has been describedlrTparticular 
in connection with Figure 9. 

[0088] Moreover, it is possible that the mark layer, viewed in projection parallel to 

the particle beam, overlaps with the base of the struts. In this case, the mark 
regions may extend over the entire width of the supporting strut, as it has been 
described in particular in connection with Figures 4 and 7, or the mark regions 
may have a width which is less than the width of the supporting struts, as it has 
been described in particular in respect of Figures 8 and 9. 
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[0089] Moreover, viewed in projection parallel to the particle beam, the mark 
regions may also be disposed besides the supporting strut and that spaced apart 
therefrom, as it has been described in particular in connection with Figure 13, or 
directly adjacent thereto, as it has been described in connection with Figure 14. 

[0090] In the embodiments shown in Figures 4, 7, 8 and 9 the scattering regions 

are positioned on the side of the membrane layer facing towards the beam 
shaping device. In another embodiment, it is possible in these embodiments to 
dispose the scattering regions also on the side of the membrane layer facing away 
from the beam shaping device, as it has been described in connection with Figure 
14. In another variation, it is also possible in the embodiment of Figure 14 to 
dispose the scattering regions on the side of the membrane layer facing towards 
the beam shaping means. 

[0091] Moreover, it is also possible, depending on the concrete embodiment 
selected, to provide the scattering regions on the membrane layer on the same 
side as the struts or on the opposite side. 

[0092] In most of the above-described embodiments the tips of the triangular 

portions are spaced apart from one another in the mask plane by a distance which 
corresponds to the inside width between adjacent struts. However, it is also 
readily possible to select a smaller distance between the tips, i.e., for the beam 
width. 

[0093] Advantages of the invention may include one or more of the following: 

[0094] To provide an apparatus that can guide a beam with sufficient accuracy; 

[0095] To provide an apparatus that can direct the beam of charged particles for 
imaging a pattern onto a substrate; 

[0096] To provide an apparatus that can improve prior art masks; 
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[0097] To provide a process that can be used to guide a beam with sufficient 

accuracy; 

[0098] To provide a process that can be used to direct the beam of charged 
particles for imaging a pattern onto a substrate; and 

[0099] To provide a process that can be used to improve prior art masks. 

[00100] While the invention has been described with respect to a limited number of 
embodiments, those skilled in the art, having benefit of this disclosure, will 
appreciate that other embodiments can be devised which do not depart from the 
scope of the invention as disclosed herein. Accordingly, the scope of the 
invention should be limited only by the attached claims. 
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